Electrogram Polarity in Atrial Flutter Ablation. Introduction: The atrial activation sequence around the tricuspid annulus has been used to assess whether complete block has been achieved across the cavotricuspid isthmus during radiofrequency ablation of typical atrial utter. However, sometimes the atrial activation sequence does not clearly establish the presence or absence of complete block. The purpose of this study was to determine whether a change in the polarity of atrial electrograms recorded near the ablation line is an accurate indicator of complete isthmus block.
Introduction
The goal of radiofrequency ablation of typical atrial utter is to create a line of complete block in the cavotricuspid isthmus. Conventionally, the presence of complete block has been assessed by inspection of the atrial activation sequence around the tricuspid annulus during pacing in the coronary sinus or at the inferoanterior tricuspid annulus. 1 -1 0 However, at times the atrial activation sequence may not provide a clear-cut indication of whether isthmus block is complete or incomplete. 9 ,1 0 The purpose of this study was to determine whether another potential endpoint for ablation, namely, a reversal in the polarity of electrograms recorded just anterior to an intended line of block during proximal coronary sinus pacing, may be a more clear-cut indicator of complete cavotricuspid isthmus conduction block than the atrial activation sequence.
Methods

Characteristics of Subjects
The subjects of this prospective study were 44 consecutive patients who underwent radiofrequency catheter ablation of isthmus-dependent atrial utter at the University of Michigan Medical Center. There were 34 men and 10 women (age 60 6 13 years [mean 6 SD]; range 33 to 79). Structural heart disease was present in 15 patients (34%): coronary heart disease in 9, nonischemic cardiomyopathy in 3, valvular heart disease in 2, and repaired atrial septal defect in 1 patient.
Electrophysiologic Procedure
All patients provided informed consent before the electrophysiologic procedure. MN, USA) was positioned along the tricuspid annulus, such that the distal bipole of the halo catheter was within the proximal portion of the coronary sinus (Fig. 1) . Two electrode pairs separated by 2 mm (E1 and E2) were positioned just anterior to the intended site of ablation in the cavotricuspid isthmus (Fig. 1) . A de ectable-tip, 7-French quadripolar catheter (EP Technologies, San Jose, CA, USA) was positioned within the proximal coronary sinus for pacing. A 7-French quadripolar catheter with a de ectable-tip, 4-mm distal electrode, 2-5-2 mm interelectrode spacing, and a thermistor embedded in the distal electrode (EP Technologies) was used to map the isthmus and deliver radiofrequency energy. A 65-cm support sheath (Daig Corporation) was used to improve catheter stability.
Bipolar electrograms were recorded with the distal electrode serving as the cathode and the proximal electrode as the anode. The bipolar electrograms were ltered at bandpass settings of 30 to 500 Hz and recorded digitally (EPMed Systems, Mount Arlington, NJ, USA). Electrograms were analyzed off-line at a sweep speed of 100 or 200 mm/sec. Pacing was performed from the coronary sinus or right atrium adjacent to the inferoanterior tricuspid annulus with a stimulator (model EP-3 Clinical Stimulator; EPMed Systems) at twice diastolic threshold.
Radiofrequency ablation was performed during atrial utter in patients who presented in atrial utter, or during pacing in the proximal coronary sinus at a cycle length of 600 msec in patients who were in sinus rhythm. Under uoroscopic guidance, individual contiguous applications of radiofrequency energy were delivered to create a line of block in the cavotricuspid isthmus inferior to the coronary sinus ostium. The power was automatically adjusted to a limit of 50 W to maintain a target temperature of 60°C at the electrode-tissue interface. Each application of energy was 45 to 60 seconds in duration.
Complete clockwise and counterclockwise isthmus block conventionally has been con rmed by analysis of the atrial activation sequence around the tricuspid annulus during pacing from the coronary sinus and inferoanterior right atrium. 1 -1 1 However, because the purpose of this study was to determine whether a change in electrogram polarity is a more accurate indicator of complete isthmus block than a change in the atrial activation sequence, the latter was not used as an endpoint for ablation. Instead, the endpoint of ablation in this study was the presence of widely split double potentials at all points along the ablation line, as described previously. 1 2 To con rm that complete isthmus block was achieved, widely split double potentials along the entire ablation line also had to be present during an infusion of isoproterenol 2 mg/min. 1 3
Results
Baseline Electrogram Polarity
The initial polarity of E1 and E2 was predominantly negative in each of the 26 patients who were in atrial utter upon presentation to the electrophysiology laboratory ( Fig.  2A) . Among the 18 patients who were in sinus rhythm, the initial polarity of E1 and E2 during coronary sinus pacing always was positive (Fig. 2B ).
Electrogram Polarity After Complete Isthmus Block
Complete bidirectional isthmus block, con rmed by the presence of widely split double potentials at all points along the ablation line during pacing from the coronary sinus and from the inferoanterior right atrium, was achieved in 39 (89%) of 44 patients. In each of these 39 patients, the initial polarity of E1 and E2 during coronary sinus pacing was predominantly negative. In contrast, in the ve patients in whom complete isthmus block was not achieved, the initial polarity of E1 or of both E1 and E2 always remained positive.
Electrogram Polarity During Incomplete Block
In 26 patients in this study, the transition from incomplete to complete isthmus block was documented during coronary sinus pacing. In all of these patients, the onset of complete isthmus block was associated with a transition of polarity from positive to negative at both E1 and E2. In a subset of 12 of these patients, shortly before complete isthmus block was achieved, the polarity of E2 changed from positive to negative, whereas the polarity of E1 remained positive (Fig. 3) .
In seven patients, persistent complete isthmus block was preceded by a period of transient complete block. In all of these patients, the transition from complete to incomplete isthmus block was associated with a corresponding change in electrogram polarity from negative to positive at both E1 and E2 (Fig. 4) .
Atrial Activation Sequence During Complete and Incomplete Isthmus Block
In each of the 39 patients in whom complete isthmus block was achieved, the atrial activation sequence around the tricuspid annulus during coronary sinus pacing and during inferoanterior right atrial pacing was consistent with complete block. Furthermore, in 22 patients in whom incomplete isthmus block was documented, the atrial activation sequence indicated the presence of some degree of conduction across the ablation line. However, in four patients in whom incomplete isthmus block was documented by the absence of widely split double potentials along the entire ablation line, the atrial activation sequence during pacing nevertheless was consistent with complete block (Fig. 5) . At the time of incomplete block, the initial polarity of E1 was positive in these patients, with transition to negative polarity at the moment complete block was achieved (Fig. 5) . 
Follow-Up
During a mean follow-up of 11.2 6 4.1 months, none of the patients in whom complete isthmus block was achieved had a recurrence of atrial utter. Eighteen of these patients continued treatment with a Class I or III antiarrhythmic drug to prevent recurrences of atrial brillation. Among the ve patients in whom complete isthmus block was not achieved, one had a documented recurrence of typical atrial utter.
Discussion
Main Findings
The results of this study demonstrate that a reversal in the initial polarity of electrograms recorded just anterior to an ablation line in the cavotricuspid isthmus during proximal coronary sinus pacing is an accurate indicator of complete isthmus block. A reversal in polarity from positive to negative at recording sites just anterior to the ablation line is a more accurate indicator of complete block than is the atrial activation sequence around the tricuspid annulus. In this study, reliance on the atrial activation sequence would have resulted in an incorrect determination of complete isthmus block in 10% of patients. Incomplete isthmus block was accurately detected in these patients both by the absence of widely split double potentials along the entire ablation line and by a persistently positive electrogram polarity adjacent to the ablation line. However, whereas the presence of widely split double potentials requires sequential recordings at all points along the ablation line, electrogram polarity can be assessed instantaneously during coronary sinus pacing. Therefore, inspection of electrogram polarity adjacent to the ablation line during pacing provides a reliable and quick assessment of whether or not complete isthmus block has been achieved.
Mechanism of Change in Atrial Electrogram Polarity
During coronary sinus pacing in the baseline state, the activation wavefront progresses in a clockwise direction across the cavotricuspid isthmus, resulting in positive electrogram polarity at E1 and E2 (Fig. 6A) . If there is a gap in an intended line of block in the isthmus, collision of the activation wavefronts in the clockwise and counterclockwise directions during coronary sinus pacing may occur at any point anterior to the ablation line, depending on the relative conduction velocities through the gap and around the tricuspid annulus. Therefore, when E1 and E2 are positioned just anterior to an ablation line, incomplete isthmus block is manifest as a positive electrogram polarity at both E1 and E2, or only at E1 (Figs. 6B and 6C) .
Once complete isthmus block is achieved, E1 and E2 are activated only from the counterclockwise direction, result- 
. Example of dynamic changes in electrogram polarity during intermittent complete cavotricuspid isthmus block. From top to bottom are leads II and III, a recording obtained with the ablation catheter (Abl) positioned on the intended ablation line in the cavotricuspid isthmus, recordings from E9 to E1, and a coronary sinus electrogram (CS Dist ). The recordings were obtained during coronary sinus pacing, in the midst of an application of radiofrequency energy. In the rst and third beats, the predominantly negative initial polarity at E1 and E2 indicates complete block, consistent with the atrial activation sequence in E9-E1, and prolongation (to 96 msec) of the interval between the two components of the double potential (arrows) recorded at the point of ablation. In the second and fourth beats, the initial polarity at E1 and E2 becomes positive, indicating incomplete block, consistent with the change in the atrial activation sequence around the tricuspid annulus, and with shortening to 58 msec of the interval separating the two components of the double potential recorded by the ablation catheter. The intervals designated in the E1 recording refer to the stimulus (S) to E1 interval (in milliseconds).
ing in reversal of electrogram polarity from positive to negative during coronary sinus pacing (Fig. 6D) .
The use of changes in electrogram polarity as an accurate indicator of complete isthmus block requires that the recording electrodes be positioned parallel to the direction of the depolarization wavefronts in the isthmus (Fig. 6) . If the orientation of the electrodes is somewhat oblique to the direction of the depolarization wavefront, or if the depolarization wavefront progresses across the isthmus in a fashion that is not entirely linear, the initial polarity of an electrogram recorded in the isthmus may not be in the same direction as the predominant polarity of the electrogram. This may explain why a small initial positive de ection sometimes was present in electrograms that had a predominantly negative polarity (for example, the electrogram indicated by the oblique arrow in Fig. 5 ). Therefore, in this study, small initial de ections were ignored, and polarity was determined based on the predominant polarity of the rst half of the electrogram.
Endpoints for Ablation of Atrial Flutter
Complete bidirectional cavotricuspid isthmus block is the endpoint for radiofrequency catheter ablation of atrial utter. However, accurate assessment of bidirectional isthmus block has been dif cult. The relatively high recurrence rate of atrial utter in some studies probably can be attributed to the misidenti cation of incomplete isthmus block as complete block. 3 ,6 Several studies assessed transisthmus conduction by detailed atrial activation mapping using either multipolar catheters or an electroanatomic mapping system. 1 4 -1 7 However, very slow conduction across the isthmus may mimic complete block during activation mapping. 9 , 1 0 ,1 5 Another study assessed the change in coronary sinus activation time during inferoanterior right atrial pacing before and after ablation as an indicator of complete isthmus block. 1 8 It was hypothe- sized that, after complete isthmus block, the distal coronary sinus would be activated either earlier or simultaneously with the coronary sinus ostium, because of left atrial activation through Bachmann' s bundle during inferoanterior right atrial pacing. This coronary sinus activation sequence was found to be 96% sensitive and 88% speci c for complete isthmus block. However, the only criteria used to de ne complete isthmus block were the sequence of atrial activation around the tricuspid annulus and the noninducibility of atrial utter, which both are imperfect indicators of complete block. 2 ,9 ,1 0 , 1 2 The presence of double potentials on either side of a line of block was reported to indicate complete isthmus block. 1 2 ,1 7 A continuous corridor of widely split double potentials separated by an isoelectric segment probably is the most accurate available indicator of complete isthmus block. 1 2 ,1 6 However, detection of this endpoint requires detailed mapping of the ablation line. The use of changes in electrogram polarity as an endpoint for ablation, as described in the present study, has the major advantage of providing an instantaneous indication of whether or not complete isthmus block has been achieved.
Prior Studies
In a prior study, a reversal in local bipolar atrial electrogram polarity along the ablation line during inferoanterior atrial pacing was used to identify the site of a gap in the ablation line in patients with recurrent atrial utter after an initial ablation procedure. 1 9 However, the study was limited to patients with a recurrence of atrial utter, and it was presumed that there was only one gap along the ablation line. Furthermore, the mapping catheter had to be exactly parallel to the ablation line, which may be dif cult to achieve. No prior studies assessed the utility of a reversal in electrogram polarity as an indicator of complete isthmus block during catheter ablation of atrial utter.
Limitations
A limitation of this study is that there is no clinically available indicator of complete isthmus block that is not subject to the misidenti cation of very slow conduction across an incomplete line of block as complete block. Therefore, in some of the patients in whom the changes in electrogram polarity were interpreted to indicate complete block, there may have been very slow conduction through a gap in the ablation line. However, there were no episodes of recurrent atrial utter during follow-up among the patients in this study in whom it was concluded that complete isthmus block was present. Therefore, even if some of the patients in this study actually had very slow conduction across an incomplete line of block, this may not have been suf cient to allow atrial utter to occur, and, from a functional standpoint, the identi cation of complete block probably was correct.
Multiple applications of radiofrequency energy may result in diminished amplitude of the atrial electrograms along the ablation line. Although this was not a problem in the present study, the reduced size of atrial electrograms may make it dif cult to assess changes in polarity.
Conclusion
A reversal in electrogram polarity just anterior to an intended line of block during coronary sinus pacing after ablation of atrial utter is a simple, accurate, and instantaneous indicator of complete isthmus block. The use of changes in electrogram polarity as an indicator of complete block is more accurate than changes in the atrial activation sequence around the tricuspid annulus. Although the presence of complete block should be con rmed by the identi cation of widely split double potentials along the entire ablation line, identi cation of changes in electrogram polarity provide a convenient indicator of isthmus block that can be assessed instantaneously after each application of radiofrequency energy.
